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METHOD OF FABRICATION TO SHARPEN CORNERS OF Y-BRANCHES IN 
INTEGRATED OPTICAL COMPONENTS AND OTHER MICRO-DEVICES 

TECHNICAL FIELD 

5 

This disclosure relates generally to circuit fabrication, and in particular 
but not exclusively, relates to a method of fabrication to sharpen corners used in Y- 
branches, such as those in integrated optical components, photonic crystal devices, 
and other micro-devices. 

10 

BACKGROUND ■ 

Integrated optical devices, such as those formed on a planar lightwave 
circuit chip, typically include optical components in the form of optical waveguides. 

15 In fact, optical waveguides are often the fundamental component of all integrated 
optical devices. The optical waveguides operate to direct light signals from one 
location to another, and often branch out or "split" at various locations to allow the 
light signals to propagate to several different locations. A "Y-branch" splitter 
configuration for an optical waveguide is a common configuration, although other 

20 configurations are also possible. 

Because of the large size of a wafer having integrated optical devices 
(e.g., a large field size), contact lithography techniques are often used to 
manufacture optical waveguides. Through the use of lithographic patterning and 
etching, multiple optical waveguides (including their Y-branches) can be formed on a 

25 semiconductor chip. 
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However, contact lithography and other large-field lithography 
techniques produce non-optimal rounded corners or edges at the Y-branch. That is, 
their large exposure causes their resolution to suffer, thereby making sharp corners 
difficult to create. The rounded corners that result from poor resolution adversely 
5 affect efficiency and performance of the integrated optical device and the overall 
performance of the optical network. Specifically, the rounded corners present a 
large profile for light signals incident at the splitter location. This causes the incident 
power on the Y-branch to become non-guided or scattered, and therefore lost in the 
device. 

10 In certain applications, high-resolution steppers and scanners (e.g., 

another type of lithography technique) are available. However, ttiese instruments 
are impractical for an integrated optical device application due to their limited field 
size. Furthermore, optical performance considerations preclude the "stitching 
together" of multiple small-sized fields that have been formed using high-resolution 

15 steppers and scanners. Moreover, due to the wave-nature of light used in 
lithographic methods and due to the surface tension of the photoresist during the 
expose and development process, the resulting edges are rounded, which limits the 
optical performance of certain devices. 
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BRIEF DESCRIPTION OF THE DRAWINGS 



Non-limiting and non-exhaustive embodiments of the present invention 
are described with reference to the following figures, wherein like reference 
5 numerals refer to like parts throughout the various views unless otherwise specified. 

Figure 1 is a top view of a Y-branch of an integrated optical device 
illustrating a comparison of a sharpened corner, according to an embodiment of the 
invention, to a rounded corner. 

Figure 2 is a top view of the Y-branch of Figure 1 illustrating a 

1 10 sharpening of the rounded corner according to an embodiment of the invention. 

y 

- Figures 3-8 are cross-sectional views illustrating process flows to 

£ sharpen the rounded corner of the Y-branch and to form the integrated optical 

~ device of Figures 1 -2. 

_ Figure 9 is a schematic diagram of an embodiment of an apparatus 

aJ 15 and method to monitor etching that sharpens the corner of the Y-branch of Figures 

1 1-8. 
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DETAILED DESCRIPTION OF THE ILLUSTRATED EMBODIMENTS 

Embodiments of a method of fabrication to sharpen corners, such as 
those located at Y-branches, in integrated optical components and other micro- 
devices are described herein. In the following description, numerous specific details 
are given to provide a thorough understanding of embodiments of the invention. 
One skilled in the relevant art will recognize, however, that the invention can be 
practiced without one or more of the specific details, or with other methods, 
components, materials, etc. In other instances, well-known structures, materials, or 
^ 10 operations are not shown or described in detail to avoid obscuring aspects of the 
invention. 

% Reference throughout this specification to "one embodiment" or "an 

embodiment" means that a particular feature, structure, or characteristic described 
^ in connection with the embodiment is included in at least one embodiment of the 
U| 15 present invention. Thus, the appearances of the phrases "in one embodiment" or "in 
an embodiment" in various places throughout this specification are not necessarily 
I all referring to the same embodiment. Furthermore, the particular features, 
structures, or characteristics may be combined in any suitable manner in one or 
more embodiments. 

1 20 For simplicity and clarity of explanation, embodiments of the invention 

are shown in the figures using various views. It is to be appreciated that such views 
are merely illustrative and are not necessarily drawn to scale or to the exact shape. 
Furthermore, it is to be appreciated that the actual devices utilizing principles of the 
invention may vary in shape, size, configuration, contour, and the like, other than 
25 what is shown in the figures, due to different manufacturing processes, equipment, 
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design tolerances, or other practical considerations that result in variations from one 
semiconductor device to another. 

Referring first to Figure 1, shown generally at 10 is a top view of a 
Y-branch that forms part of an optical waveguide for an integrated optical device. 
5 The Y-branch 10 may be formed on an integrated circuit 12 in one embodiment. 
The Y-branch 10 includes a region 14 where core material for the waveguide may 
be located, as well as regions 16, 18, and 20 where cladding material may be 
located. 

Solid lines denote where conventional lithography techniques (e.g., 

1 10 patterning and etching) produce edges 22, 24, 26, and 27. In particular, a rounded 
JJ corner 28 is formed at the region 18. In accordance with an embodiment of the 
| invention, an etching technique (such as an isotropic etch) can be performed to 
% increase the sharpness of the rounded corner 28, as shown by broken lines (e.g., 

edges 36 and 38) that come together to a sharp corner 30. This etching can also 
*j 15 further widen the region 14 for the core material, as shown by broken lines that 

2 denote edges 32, 34, 36, and 38. 

^ Figure 2 illustrates the sharpening of the rounded corner 28 according 

to an embodiment of the invention. In particular, the rounded corner 28 and the 
edges 26 and 27 (now shown as broken lines) are etched (shown symbolically as 
20 arrows), eventually forming the edges 36 and 38 (now shown as solid lines) that 
intersect to the sharp corner 30. Because an etching process (such as an isotropic 
etch) etches away material uniformly in all directions, the etching at the semi-circle 
region of the rounded corner 28 produces a substantially sharp intersection/edge at 
the sharp corner 30. 

25 In accordance with an embodiment of the invention, the edges 22 and 

24 (now shown as broken lines) are also etched by the same etching process to 
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form the edges 32 and 34 (now shown as solid lines), respectively. After completion 
of this etching to sharpen the rounded corner 28 of the Y-branch 10, core material 
can be deposited into the region 14 in accordance with an embodiment that will be 
described later below. 

5 Figures 3-8 are cross-sectional views illustrating process flows to 

sharpen the rounded corner 28 of the Y-branch 10, as well as to form the Y-branch 
10 itself as a waveguide on the integrated circuit 12, in accordance with an 
embodiment of the invention, in Figure 3, a substrate 40 (made of a silicon or glass 
material, for example) has deposited or otherwise disposed on its top surface a 
y 10 cladding material 42. The cladding material 42 can form the lower cladding of the 
! B waveguide, as well as a portion of the spacing between branches of the Y-branch 
'E 10 in one embodiment (e.g., the lateral cladding). A suitable material that can be 
^ used for the cladding material 42 is silicon dioxide in an embodiment. A photoresist 
« material 44 (unpatterned) is formed over the cladding material 42. 
y 15 Next in Figure 4, lithographic patterning is performed on the 

i sJi 

photoresist material 44 to define the shape of the Y-branch 10, along with vertical 
P etching to obtain wells or trenches that define the region 14 of the Y-branch 10 
where the core material is to be placed. In one embodiment, the vertical etching 
through the photoresist material 44 to form the trenches for the region 14 can use 
20 an anisotropic etching technique that selectively removes the cladding material 42 at 
the region 14. 

All of the photoresist material 44 can be removed next in an 
embodiment. In another embodiment, the photoresist material 44 can be kept in 
place for the next process. Whether kept in place or removed, an isotropic etch is 
25 performed next in Figure 5 to sharpen the rounded corner 28 to obtain the sharp 
corner 30. In one embodiment, a conventional etching acid can be deposited in the 
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trenches of the region 14 to sharpen the rounded corner 28 and to widen the 
trenches, by removing portions of the cladding material 42 adjacent to the region 14 
as depicted in Figure 5. 

A core material 46 is then deposited in the trenches of the region 14 in 
5 Figure 6. Thin film deposition techniques and/or re-flow techniques can be used in 
one embodiment to fill the trenches of the region 14 with the core material 46. 
Examples of suitable core material include, but are not limited to, germanium-doped 
silicon dioxide, silicon nitride, silicon, or indium-phosphate material. At least some 
of the core material 46 may be deposited over non-core regions during the 

■~ 10 deposition process of Figure 6. A chemical-mechanical polishing may be performed 

J B in Figure 7 to remove the excess core material 46 except at the core regions 14. 

In Figure 8, an upper or final cladding material 48 is deposited or re- 

ru flowed over the core material 46, over the spacing 30, and over the rest of the 
cladding material 42. Thin film deposition techniques can be used in one 

W 15 embodiment to deposit the upper cladding material 48. The upper cladding material 

EC 5 

: : : 

jl 48 can include, but not be limited to, silicon dioxide, phosphorous-doped silicon 
u oxide, or other suitable cladding material. 

Accordingly as shown in Figures 3-8, sharp corners can be created in 
one embodiment by using an isotropic etch process after a lithography process. 
20 This produces a corner that is sharper than those that can be defined by 
conventional lithography. For example, a round corner may have a 
thickness/diameter of approximately one micron, while an embodiment of the 
invention can produce a sharp corner that approaches approximately 0.1 micron. 

One embodiment of the invention provides a wafer monitor apparatus 
25 and method to provide information as to when to stop the etching of Figure 5 to 
obtain the sharp corner 30. Such an apparatus and method is helpful, for instance, 
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so that the etching is not stopped prematurely (resulting in under-etching that 
produces a non-sharp corner) or so that the etching is not stopped too late (resulting 
in over-etching that removes too much material). An embodiment of such an 
apparatus and method is shown as a monitor 50 in Figure 9. 
5 One embodiment of the monitor 50 can be an "in-situ" etch monitor, 

such that minimum feature size pillars 52 are on the same chip or integrated circuit 
12 as the Y-branch 10. The pillars 52 can be formed during the same lithographic 
patterning and vertical etch processes shown in Figures 3 and 4. That is, the pillars 
52 are formed concurrently with the rounded corner 28 using patterning and vertical 
! i 10 etching, and are made of the same material (e.g., the same material as the lower 
5 D cladding material 42). In an embodiment, the pillars 52 are semi-circular or circular 
=| in shape, and each pillar has substantially the same radius or dimension as the 
iw 1 rounded corner 28. 

p_ In an embodiment, the pillars 52 can be formed in a group such that a 

!J 15 diffraction grating results if the pillars are illuminated by a laser light or other light 

iy 

source at 54. A suitable detector 56, such as an avalanche photodiode, PIN 
u photodetector, or' other photosensitive device can be used to detect the light 
diffracted by the pillars 52. In operation according to an embodiment, the pillars 52 
are etched during the same etching process used to sharpen the rounded corner 28, 

20 while being illuminated by the light source at 52. Since the pillars 52 each have a 
radius that is substantially the same as the radius of the rounded corner 28, the 
amount of time used to eliminate (e.g., etch away) the pillars 52 is equal to the 
amount of time to sharpen the rounded corner 28 into the sharp corner 30. 
Elimination of the pillars 52 during the etching process results in a detection (by the 

25 detector 56) of one of the diffraction orders or detection of some type of change in 
the light diffracted from the pillars 52. From this detected information, elimination of 
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the pillars 52 (and hence the completion of sharpening of the rounded corner 28 into 
the sharp corner 30) can be determined. 

In conclusion, an embodiment of the invention can provide an 
improved Y-branch splitter having a corner that is sharper, regardless of the 
5 lithography resolution. A Y-branch splitter having a sharp corner can provide higher 
efficiency, resulting in an overall improvement in performance of the integrated 
optical device. 

The above description of illustrated embodiments of the invention, 
including what is described in the Abstract, is not intended to be exhaustive or to 
2 10 limit the invention to the precise forms disclosed. While specific embodiments of, 
s and examples for, the invention are described - ' herein for illustrative" purposes, 
P various equivalent modifications are possible within the scope of the invention, as 
| those skilled in the relevant art will recognize. 

J_ For instance, while an embodiment of the invention has been 

aJ 15 described herein as producing a sharp corner for a Y-branch of an integrated optical 
^ device, it is to be appreciated that embodiments of the invention can be 
2 implemented for other components of an integrated optical device that do not 
necessarily have "Y" configurations. Furthermore, embodiments of the invention 
may involve devices other than integrated optical devices. Various micro-devices or 
20 micro-structures, such as microelectromechanical structures (MEMS) and photonic 
bandgap material, can be fabricated to have sharper corners based on the 
embodiments of methods described herein. Indeed, an embodiment of the invention 
can be used for any type of micro-device that would benefit from having a sharper 
corner or a sharper edge. The comer may be surrounded by a region having a 
25 different material, such as in the Y-branch 10 for a waveguide shown in Figures 3-8, 
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or the different material can be air, as with some MEMS devices that may utilize the 
corner as a pivot point or cantilever. 

These modifications can be made to the invention in light of the above 
detailed description. The terms used in the following claims should not be construed 
5 to limit the invention to the specific embodiments disclosed in the specification and 
the claims. Rather, the scope of the invention is to be determined entirely by the 
following claims, which are to be construed in accordance with established doctrines 
of claim interpretation. 
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